Abstract Three rearranged ent-kaurane diterpenes with the cafestol-type framework have been isolated from the leaves of Tricalysia dubia. Two were found to be known diterpenoids, tricalysiolides B and C. Tricalysiolide B was isolated as colorless prisms in this experiment and its three-dimensional structure was determined by X-ray crystallography. The remaining diterpenoid was a new compound and was named tricalysiolide G. Two new ent-kaurane-type diterpenoids, given the trivial names tricalysiol A and tricalysiol B, were also isolated. The structures of the new compounds were elucidated from spectroscopic evidence.
Introduction
In previous work [1, 2] , rearranged ent-kaurane glycosides and ent-kaurane glucosides were isolated from a MeOH extract of leaves of Tricalysia dubia (Rubiaceae). Isolation of five cafestol-type rearranged entkaurane diterpenoids from the wood of the same plant has been reported [3] . In this experiment, relatively less polar fractions obtained by Diaion HP-20 column chromatography (CC) were investigated. These yielded three new non-glycosidic diterpenoids, named tricalysiolide G (1) and tricalysiols A (4) and B (5), and two known non-glycosidic diterpenoids identified as tricalysolides A (2) and B (3) . This paper deals with elucidation of the structures of the new compounds and X-ray analysis of tricalysiolide B.
Results and discussion
Air-dried leaves of T. dubia were extracted three times with MeOH and the concentrated MeOH extract was partitioned between solvents of increasing polarity. The n-BuOH-soluble fraction was separated by column chromatography on a highly porous synthetic resin (Diaion HP-20), on normal silica gel, and on reversedphase octadecyl (ODS) silica gel, and by droplet counter-current chromatography (DCCC) to afford three new diterpenoids (Fig. 1, 1, 4 and 5) and two known compounds (Fig. 1, 2 and 3 ) [3] . The details and yields are given in the Experimental section. The three dimensional structure of tricalysioside B (3) was confirmed by X-ray crystallographic analysis. The structures of the new compounds (1,4 and 5) were then elucidated from spectroscopic evidence (Fig. 1) .
Compounds 2 and 3 were isolated as colorless needles and identified as tricalysiolides A and B, respectively, by comparison of their spectroscopic data with reported data [3] . The hydroxyl group at C-3 in tricalysiolide B (3) has been shown to be in the b-orientation, because NOE correlation was observed between the hydroxyl hydrogen atom and H-5 [3] . In this study, because 3 was obtained as suitable crystals, its three dimensional structure was confirmed by X-ray analysis (Fig. 2) . The assumption made on the basis of spectroscopic analysis was verified and two molecules were found to occur in an asymmetric unit as hydrates. From these data, 1 was expected to be a cafestol-type rearranged kaurane and when its NMR data were compared with those reported, it was found to be identical with the aglycone of tricalysioside A, which was obtained by acid hydrolysis [1] . As a result of a diagnostically similar specific optical rotation value to that of the aglycone of tricalysioside A, and of the same sign, the absolute structure of 1 was confirmed to be of the enantio-series.
Tricalysiol . This functionality was similar to that of parts of tricalysiosides I and M [2] . The 13 C NMR data for the A and B rings were diagnostically superimposable on those of tricalysioside I (6) and on those of the C and D rings of tricalysioside M (7). The structure of tricalysiol A (4) was therefore ent-3b,15b,16b,17-tetrahydroxykauran-19-al. Because of the aforementioned isolation of the rearranged ent-kaurane and the cooccurrence of ent-kaurane glucosides in the same plant, tricalysiol A (4) must be of the enatio series.
Tricalysiol B (5), [a] D -25.3°, was isolated as colorless crystals and its elemental composition was determined to be C 22 H 36 O 6 by HR-FAB-MS. The IR spectrum indicated that 1 contained hydroxyl (3,412 cm -1 ) groups. From the 13 C NMR spectral data, with 1 H NMR, DEPT, and HSQC spectra, 5 was assumed to be a pentahydroxykaurane derivative with two primary alcohols at C-17 and 19, two secondary alcohols at C-3 and 15, one tertiary alcohol at C-16, and two extra carbons that must be an acetyl group [d C 20.8 
Experimental

General experimental procedures
Melting points were determined with a Yanagimoto micro-melting point apparatus and are uncorrected. Optical rotation was measured with a Union Giken PM-101 digital polarimeter. IR spectra were measured with a Horiba FT-710 Fourier-transform infrared spectrophotometer and UV spectra with a Jasco V-250 UV-visible spectrophotometer.
1 H and 13 C NMR spectra were acquired with a Jeol JNM a-400 spectrometer at 400 and 100 MHz, respectively, with tetramethylsilane (TMS) as internal standard. HR-FAB-MS were acquired with a Jeol JMS SX-102 spectrometer with PEG-400 as calibration matrix.
The highly porous synthetic resin Diaion HP-20 was purchased from Mitsubishi Kagaku (Tokyo, Japan). Silica gel CC and reversed-phase (ODS) open CC, respectively, were performed on silica gel 60 (Merck, Darmstadt, Germany) and on Cosmosil 75C 18 -OPN (Nacalai Tesque, Kyoto, Japan) [F=50 mm, L=25 cm, linear gradient: MeOH-H 2 O (1:9, 1 L) fi (1:1, 1 L), fractions of 10 g being collected]. Droplet counter-current chromatography (DCCC) (Tokyo Rikakikai, Tokyo, Japan) was equipped with 500 glass columns (F=2 mm, L=40 cm), the lower and upper layers of the solvent mixture CHCl 3 -MeOH-H 2 O, 5:6:4, being used as the stationary and mobile phases, respectively. Five-gram fractions were collected and numbered according to their order of elution with the mobile phase. HPLC was performed on an ODS column (Inertsil; GL Science, Tokyo, Japan; F=6 mm, L=25 cm), and the eluate was monitored with a UV detector at 254 nm and with a refractive index monitor.
Plant material
Leaves of T. dubia (Lindl.) Ohwi (Rubiaceae) were collected in Okinawa, Japan, in August 1990. A voucher specimen was deposited in the Herbarium of Pharmaceutical Sciences, Graduate School of Biomedical Sciences, Hiroshima University (90-TD-Okinawa-0822).
Extraction and fractionation
Dried leaves of T. dubia (6.04 kg) were extracted with MeOH and the extract was concentrated to 6 L. The extract was washed with n-hexane and the MeOH layer was then concentrated to a gummy mass. The latter was suspended in water and extracted with EtOAc to give 361 g of an EtOAc-soluble fraction. The aqueous layer was extracted with n-BuOH to give a n-BuOHsoluble fraction (290 g), and the remaining water-layer was concentrated to furnish 325 g of a water-soluble fraction. The n-BuOH-soluble -3 , F(000)=396, l(MoKa)= 0.945 cm -1 . Unit cell parameters were determined by least-squares refinement of the optimized setting angles of 25 reflections in the range of 7.8°<h<12.5°. The intensities were measured using x/2h scan up to 55°. Three standard reflections were monitored every 150 measurements. The data were corrected for Lorentz and polarization factors. Correction for secondary extinction was applied (coefficient=0.10671·10 -5 ). The absorption correlation was applied (transmission factor=0.850-0.944) [4] . Of the 4518 reflections collected, 4,307 unique reflections were used for structure determination and refinement. The structure was solved by a direct method using the teXsan crystallographic software package [5] . All non-H atoms were found in the Fourier map. Refinement of atomic parameters was performed by means of full matrix least-squares refinement, using anisotropic temperature factors for all non-H atoms. All H atoms, except those attached to O atoms, were located geometrically and not refined. The H atoms attached to O atoms were not found in the differential Fourier map. The final refinement converged with R 1 =0.048 and R w =0.139 for 464 parameters. Atomic scattering factors were taken from the ''International Table for X-ray Crystallography'' [6].
